Background. Both prilocaine and articaine are short-acting local anaesthetics suited for spinal anaesthesia for day-case knee arthroscopy. Articaine is thought to have a faster onset and shorter duration of action than prilocaine, although no comparative study has been published in the anaesthetic literature.
Spinal anaesthesia is commonly used for knee arthroscopy. In day-case patients, a short-acting local anaesthetic is preferred. Because a high incidence of transient neurological symptoms (TNS) after spinal anaesthesia with lidocaine is reported, 1 alternative local anaesthetics have been investigated. Intrathecal prilocaine has a low incidence of TNS, but a longer duration of action than lidocaine. 2 -5 Articaine, commonly used in dentistry, is an amide local anaesthetic with a thiophene instead of a benzene ring within its structure. Its application for local, regional, and neuraxial anaesthesia has been reviewed previously. 6 The use of articaine for spinal anaesthesia is mainly studied in Finland and The Netherlands. Intrathecal articaine appears to have a shorter duration of action than prilocaine and only one case of TNS has been reported, 7 -9 but articaine and prilocaine have not been compared directly in published studies. In this prospective, randomized, doubleblind study, we compared the anaesthetic characteristics of intrathecal articaine and prilocaine.
Methods
The Medical Ethic Commission Arnhem-Nijmegen, The Netherlands, approved this study. After written informed consent, 72 patients (aged 17-70 yr and ASA grade I or II) undergoing day-case knee arthroscopy were included in the study. Patients with neurological symptoms of the lower limbs or contraindications for spinal anaesthesia were excluded.
One hour before surgery, patients received oxazepam 10 mg, acetaminophen 1000 mg, and meloxicam 15 mg p.o. Oral intake of clear liquids was allowed until 2 h before start of the procedure. Before surgery, patients were asked to empty their bladder completely and on arrival at the theatre, bladder content was measured by ultrasound scanning (BioCon-500 Mcube Technology Korea). ECG and pulse oximetry were monitored continuously; arterial pressure was measured non-invasively at 3 min intervals during the procedure and at 15 min intervals in the recovery room. Both articaine and prilocaine solutions (20 mg ml -1 in sodium chloride 0.9%) were manufactured in the Canisius Wilhelmina Hospital Pharmacy from raw starting materials according to the guidelines for Good Manufacturing Practice for Hospital Pharmacy. Starting materials and final products fulfilled the requirements of the European Pharmacopoeia. The preservative-free solutions were delivered in blinded, numbered ampoules in sealed envelopes. Patients were allocated at random to receive either 50 mg prilocaine or 50 mg articaine in a 2.5 ml plain solution. Both the articaine and the prilocaine doses were based on our clinical experience for knee arthroscopy. Patients received a maximum of 500 ml sodium chloride 0.9% i.v. during the procedure. Spinal puncture was performed by the median approach with the patient in sitting position at the L3 -4 or L2-3 interspace using a 27 G pencil-point needle (Pencan w B. Braun, Melsungen, Germany). Local anaesthetic at room temperature was injected slowly over 5 s. Immediately after injection, patients were placed supine with a small pillow under the head. The sensory block was assessed at the midclavicular line by loss to cold sensation testing with an ampoule of frozen fluid in a cranial to caudal direction. This procedure was performed at 2, 5, 8, 10, 15, and 20 min after intrathecal injection and at 10 min intervals thereafter, until regression to two dermatomes under maximal height of block had occurred. At 2, 5, 8, 10, 15, and 20 min, the onset of motor block was also tested with the modified Bromage scale (grade 0, no motor block; grade 1, unable to lift the extended leg; grade 2, unable to bend knee; and grade 3, only movement of toes possible). Every 10 min thereafter, recovery of motor block was assessed until full recovery of motor function (Bromage grade 0). Sufficient anaesthesia (surgical block) for knee arthroscopy was defined as a sensory block up to L1 and a grade 2 motor block and no complaints of inflation of a tourniquet at a pressure 100 mm Hg above systolic pressure. Knee arthroscopy was performed in the supine position. If analgesia was judged insufficient, fentanyl 0.1 mg was administered i.v. and the arthroscope introduction site was infiltrated using 10 ml of lidocaine 10 mg ml
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. Hypotension (systolic pressure ,30% of initial value) was treated with ephedrine 5 mg i.v. Bladder content was measured by means of ultrasound scanning on arrival and at departure of the post-anaesthesia care unit. Time to spontaneous voiding was noted. If the estimated bladder volume was 500 ml, a single catheterization of the bladder was performed. Twenty-four hours after surgery, patients were questioned by telephone for pain in the knee, the puncture site, headache, the use of analgesics, and for complaints of TNS which was defined as pain, dysaesthesia, or both in the buttocks, lower extremities not related to the arthroscopy, or both. Localized pain at the puncture site was not considered as part of the definition. 2 If any TNS were present, the patient was contacted again the next day.
The primary outcome measure was duration of motor block; secondary outcome measures were time to onset, time to spontaneous voiding, and adverse effects. On the basis of previous studies, 2 7 we calculated that 28 patients per group would be sufficient to detect a 30 min difference in duration of the effect with 80% power (a¼0.05; twotailed testing; SD¼40). In anticipation of case failure, we included 36 patients in each group.
Statistical analysis was performed with SPSS version 14.0 for Windows. Categorical variables were analysed using the x 2 test or Fisher's exact test. Normal distributed variables were compared using Student's t-test. The Mann -Whitney U-test was performed when parametric assumptions were not met. Differences were considered significant with P,0.05.
Results
All patients were included and treated in the period from March to May 2007. Between both groups, there were no differences in general or surgical characteristics (Table 1) . In one patient, a paramedian approach was performed to enter the subarachnoid space. This patient and one other reported an episode of paraesthesia during puncture without postoperative sequelae.
Anaesthetic characteristics and time to spontaneous voiding are shown in Table 2 and Figure 1 .
There was no difference in time to reach the sensory block to L1 or modified Bromage 2 score between articaine (8) 25 (5) and prilocaine (Table 2 ). Five minutes after intrathecal injection, surgical block was achieved in 29 of 36 patients treated with articaine and in 23 of 36 patients treated with prilocaine (P¼NS). At introduction of the arthroscope, spinal anaesthesia was insufficient in four patients receiving prilocaine and one patient receiving articaine (Table 3) . Three of these patients (two prilocaine and one articaine treated) reported feeling the incision but did not experience it as painful and therefore did not receive analgesic supplementation. Two patients who received prilocaine required analgesic supplementation because of a painful sensation at incision; one because of insufficient sensory block level (L1) and another patient experienced pain, although the sensory and motor blocks complied with our definition of sufficient anaesthesia. No reflex muscle movement that could cause a problem for the surgeons was apparent in any of the cases. There were no differences in clinically relevant hypotension or bradycardia. Maximal level of the sensory block was not different between the groups nor was time to two-dermatome regression (Table 2) . Mean times to full recovery of motor function (140 vs 184 min, P,0.001) and time to spontaneous micturition (185 vs 230 min, P,0.001) were shorter after spinal anaesthesia with articaine than with prilocaine.
Three patients in the prilocaine group and one in the articaine group required bladder catheterization (Table 3) . Preoperative bladder contents of these patients were 127, 160, 271 ml (the prilocaine group) and 216 ml (the articaine group) and catheterization was performed at 130, 130, 153, and 92 min after intrathecal injection: well before the mean times to spontaneous voiding. One patient who received articaine reported TNS: mild pain in the buttock region limited to the first postoperative day. No post-dural puncture headaches occurred.
Discussion
In this randomized double-blind study, we found that spinal anaesthesia with either articaine 50 mg or prilocaine 'plain' was suitable for knee arthroscopy. However, after spinal anaesthesia with articaine 50 mg, recovery of motor function was faster and time to spontaneous voiding significantly shorter compared with prilocaine. No significant differences in time to onset, additional analgesics, maximum level of sensory block, time until twodermatome regression were noted. TNS occurred in only one patient receiving articaine. Although five patients had insufficient analgesia at the operative site, only two patients experienced pain for which additional medication was required. In our opinion, this failure rate is acceptable. Our findings are similar to previous studies of spinal anaesthesia with articaine and prilocaine (Tables 4 and 5 ).
Kallio and colleagues 8 and Dijkstra and colleagues, 9 using hyperbaric articaine solutions and a higher quantity of local anaesthetic, reported a shorter duration of motor block compared with our results. However, in these studies, time to spontaneous voiding was shorter after plain solutions compared with hyperbaric solutions. Direct comparison in a randomized double-blind trial is indicated to confirm whether these apparent differences also occur with a 50 mg dose of hyperbaric articaine. In spite of preoperative bladder emptying, four patients required catheterization because of an estimated bladder volume of .500 ml. Apart from the preoperative post-voiding residue in these patients, differences in preoperative oral fluid intake might explain why their bladders were faster filled. In order to prevent catheterization, patients should be encouraged to void 0  T1  T2  T3  0  00  T4  00000  000  T5  00  T6  000000  0  T7  00  T8  0000  00  T9  0  00  T10  000000000000  000000000  T11  000000  000000  T12  0 Plain articaine or prilocaine for spinal anaesthesia in day-case knee arthroscopy before surgery, if their bladder is not completely empty on bladder scanning examination, and the volume of i.v. fluids administered should be minimized. Low-dose spinal bupivacaine with additional drugs has been suggested as an alternative to short-acting local anaesthetics in order to reduce the duration of bladder dysfunction after knee arthroscopy. After spinal anaesthesia in 24 patients with bupivacaine 5 mg and clonidine 15 mg, van Tuijl and colleagues 10 reported an average time to complete motor block regression of 86 min, but a mean (SD) time to voiding of 194 (38) min. However, data from seven were missing because they had left the hospital before spontaneous voiding had occurred. After intrathecal injection, patients were placed in a lateral decubitus position with the operative side down for at least 5 min and kept in this position until just before the start of surgery (average 24 min). (In the present study, surgery was completed by an average of 25 min.) Three of their 24 patients received additional opioids or general anaesthesia. Some authors consider hospital discharge safe even before spontaneous voiding has occurred after spinal anaesthesia with short-acting local anaesthetics for low-risk surgical procedures in patients at low risk for urinary retention, provided that bladder content is measured with ultrasound scanning at discharge and clear instructions are given to the patient what to do in case no voiding occurs within the next few hours. 11 From an economic viewpoint, this approach might seem appealing, though on grounds of patient safety, we prefer a patient to be capable of voiding before discharge from the hospital after spinal anaesthesia with a long-acting local anaesthetic. Recently, preservative-free 2-chloroprocaine has been shown to have an ultra short duration of effect after spinal injection and might be recommended for knee arthroscopy, but this agent is not available in The Netherlands. 12 We conclude that for spinal anaesthesia for knee arthroscopy, articaine 50 mg 'plain' (20 mg ml
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) is preferable to prilocaine 50 mg. In our study, mean time to full motor function recovery was 44 min shorter and spontaneous micturition occurred 45 min earlier, which may result in an earlier discharge. The incidence of TNS was low. Comparing our data with previous studies suggests that hyperbaric articaine might be preferred to plain articaine, given the apparent shorter duration of the motor block, although time to spontaneous voiding is shorter with the plain solution. Direct comparison in a randomized doubleblind trial is indicated to confirm this. 
